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Introduction
Assignment
The assignment is to create a way to reduce the
amounts of plastic pollution that is floating in the
canals of The Hague.
Client
The practor Energy Transition, Nico Persoon, of ROC
Mondriaan has a goal to insert the energy transition
into the vocational education and to connect this to
supporting companies. Climate change, innovation
and new skills must be a part of education. This means
teaching and researching new ways to create
products & materials and creating a new way of
thinking about sustainability and nature. This project
could be a good example of this new way of thinking
and designing. This could help with the training of new
critical lecturers and help speed up the energy
transition.

Methodology
To ensure the final solution is successful and truly
durable, the Biomimicry Methodology is used. This
method uses the Life’s Principles as its main focus.
Life’s Principles are design lessons from nature. These
lessons recognize that life on Earth is interconnected
and interdependent, it is subject to the same set of
operating conditions and nature has evolved a set of
strategies that has sustained life for over 3.8 billion
years. Life’s Principles represent these overarching
patterns found amongst the species surviving on
Earth.
By learning from these design lessons, innovative
strategies can be modelled and designs can be
measured against these sustainability benchmarks
using Life’s Principles as aspirational ideals (Design
Lens, 2020).

Project goals
The client wishes a solution for the removal of floating
debris from the canals while simultaneously
motivating the public to participate in this cleaning.
This project will focus on creating a viable and user
friendly solution inspired by nature. There are hotspots
in the canals where the flow of water stagnates and
debris collects. The proposition is to start in these
locations and design a solution to keep these hotspots
clean, while using the biomimicry design thinking.
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Team Dynamics
Group
Our design team consists of five members: Elizabeth
van Oers, Olivier Schutter, Shikal Arif, Sarah van den
Berg and Frank van der Vossen. We are students in
Industrial Product Design, Civil Engineering and
Mechatronics. We aim to design products inspired by
and working together with nature itself, instead of
taking materials without giving back and possibly
polluting the environment. In this project we will
experiment with biomimicry and bio-inspired
designing and see what we can learn from nature.
We want to help create a sustainable future for
ourselves.

Skills
This team has a wide variety of skills. These
skills include organizing and planning, decision
making and problem solving. We have a
diplomat in our team, who is responsible for the
contact with experts and the client. We have a
team manager who is responsible for the
planning and keeping the team on track. Our
resource investigators seek out information
and technical solutions. They are also
responsible for the technical storyline and 3D
modelling. Finally, there is a shaper, who
organizes the documents and makes them
presentable.
Experts
During this project, experts were contacted to
support us and provide us with expert
information and feedback. Our teacher Laura
Stevens, a lecturer Industrial Design Engineering
at The Hague University of Applied Sciences,
helped us with her knowledge and expertise
throughout this entire project.

Experts
consulted

Laura Stevens

Bas van den Berg

Bas van den Berg is our coach and consultant
during this project. His expertise in sustainability
and nature helped us throughout the project.
From left to right:

Sarah van den Berg, Frank van der Vossen, Olivier Schutter, Elizabeth van
Oers & Shikal Arif

Nico Persoon is our client and Energy Transition
& technical expert. He helped us throughout the
project and especially with prototyping and the
technical aspect of the design.

Nico Persoon
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Research
Description
Plastic pollution has become one of
the most pressing environmental
issues, as rapidly increasing
production of disposable plastic
products overwhelms the world’s
ability to deal with them. Plastic trash
has become such a big issue it has
prompted efforts to write a global
treaty negotiated by the United
Nations. (Lebreton, 2017)
Production and development of
thousands of new plastic products
accelerated after World War II,
transforming the modern age so that
life without plastics would be
unrecognizable today.
The convenience plastic offers, led to
a throw-away culture that reveals the
material’s dark side: today, single-use
plastics account for 40 percent of the
plastic produced every year. Many of
these products, such as plastic bags
and food wrappers, have a usage
lifespan of mere minutes to hours, yet
they may persist in the environment
for hundreds of years.

What?
The oceans of the world are filling up
with plastic waste carried there by
rivers. The amounts of plastic in our
inland river systems and oceans has
become a tremendous issue for our
planet, causing harm to ecosystems
and the organisms living in them. They
are ingesting what we are leaving behind. These plastics take years to break
down; even the process of breaking
down the plastics releases greenhouse
gases, which contributes to climate
change, causing negative effects to the
environment. (Lebreton, 2017)
Where?
The main focus is on the inland water
systems of the city The Hague in The
Netherlands, but preferably the solution
can be applied in more watersystems in
The Netherlands and possibly the world.
Who?
Directly affected; All inhabitants of the
The Hague inland watersystems and
city.
Secondarily affected; The people or
organisms who do not feel the effects
directly, however are being or will be
affected in the near future. Think of the

North sea and other oceans the
pollution will eventually reach. (TU Delft,
2020)
Why?
This problem needs to be tackled
immediately because it is affecting
planet Earth at an immensely large
scale.
It is estimated that between 1.15 and 2.41
million tons of plastic currently flows
from the global river systems into the
oceans every year. The top 122 polluting
rivers (4% of total landmass surface
area) contributed over 90% of the
plastic debris in the worlds river systems.
(Ocean Cleanup, 2021)
When?
By the 21th of May the final project must
be presented to the client during the
Design with Nature exposition at the The
Hague University.
How?
Starting the project, we will begin by
analyzing and researching the main
focal points of this project. The use of
Life’s Principles of Nature & Biomimicry
thinking will provide us with a guideline
throughout the project.
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Research
Existing solutions
Orienting ourselves on existing
projects and current concepts leads
us to consider the flaws and strengths
in our own concepts and keeps us
from working out a superfluous
design. The projects used as sources
of inspiration are:
o
Seabin (Seabin project, 2020):
Floating just below the surface, a
submerged bin continuously
pumping surrounding water through
a sieve. Used mainly for cleaning up
marinas locally.
Mr. Trash Wheel (Mr. trash 		
wheel, 2021):
Consists of a static barge and a
blockade, barring up a river collecting
floating debris before it makes its way
to sea while still allowing traffic to
make use of the waterway.
o

The great bubble barrier
(Bubble barrier, 2021):
Forcing (partly) sunken debris caught
in the flow of a canal up towards the
surface where it can be removed.
Works by submerging a perforated
pipe and pushing up debris to the
surface using air bubbles.
o

The Ocean Cleanup (Ocean 		
Cleanup, 2021):
With a structure propelled by the wind
only, intended to catch trash at sea.
This project has been an inspiration in
that it is autonomous while not static.
Since trash is blown around the
oceans, it makes a big difference to
be able to dynamically catch it, rather
than wait for it to be blown towards a
static structure.
o

Designed for use at sea, in big rivers
with a strong permanent flow,
requiring a lot of energy or simply
meant to support other collection
methods. None of these solutions are
fully applicable to this challenge. We
will need to come up with something
new.

Field research
Another source of inspiration has been
an excursion through the canals of The
Hague led by our client Nico Persoon
facilitated by his brother Jan Persoon
who owns a boating company. During
this trip we discussed our ideas and
possible improvements to implement.
The diverging and converging design
phase reflects this iterative design
process. Some points became clearer
during the excursion and talk with our
client, summarized as follows:
Currents in the canals are not
prominently present. Twice a day, water
is pumped through the canals to refresh
it using seawater, pumping out water of
the canals simultaneously.
Relying only on waves is also unwise.
Winds stir up small waves occasionally,
but the canals are walled in so the wind
and these waves don’t reach all corners
of the canal. The same goes for waves
created by boats. Trash often floats into
relatively permanent hot spots, propelled
by the wind usually coming from the
same direction, currents produced by
boats and the pumping of the canals.
Currents are nearly absent at the sides of
the canals due to friction with the canal
walls, so this is where trash usually
collects.
6
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Life’s Principles
In the Life’s Principles diagram, the functions
that are important to this project have a
checkmark. The main principles are all partly
relevant since the design has to fit in the
environment as well as have a positive
impact, considering its footprint and
use. It might be left in the environment
unattended and needs to resist
influences from nature or passers-by
in an adequate manner. These
influences are not always known
prior, thus the design must be
robust. Since the design is to have a
positive influence on the
environment, it is crucial to only use
low energy processes, create zero
waste, store collected debris
responsibly and preferably be
costructed from recycled, local
materials as long as this has the
lowest carbon footprint. Studying
nature, functions like these can be
found utilized by numerous organisms.
To integrate all these design principles,
these different mechanisms are
individually studied and adapted to perform
the function in the most affective way.
(DesignLens, 2020)
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Bio-brainstorm
The Bio-brainstorm is a method used in Biomimicry for
exploring and discovering diverse strategies that are
found in nature. These strategies can later be utilized
in the design process to help develop a solution to the
challenge. Before starting with the Bio-brainstorm it is
important to define which functions need to be
focused on in order to solve the problem and also
which Life Principles are applicable to the project.
Knowing this information beforehand makes the
process of researching organisms clearer and makes
sure you find adequate solutions revolving around
different functions as defined in the Biomimicry
Taxonomy. (Asknature, 2021)

The main goal is to create a solution for the plastic
pollution of inland waterways, therefore the focus will
mainly be on researching organisms that filter or
capture solids. These organisms use different
techniques and strategies to filter or capture, which
can help in coming up with a diverse set of ideas and
concepts.
When it comes to brainstorming and diverging on
design ideation, there is an opportunity to be inspired
by more than one of these organisms or strategies
that fits the design challenge. The use of multiple
functions or mutualism can lead to an optimized
design.

9
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Value Proposition Canvas
The Value Proposition Canvas is a tool which can help
ensure that the design is positioned around what the
stakeholder values and needs. This canvas is used because
a new product is being developed from scratch as a
solution to the plastic waste in the waterways of The Hague.
The Value Proposition Canvas is formed around two
building blocks – a stakeholders profile and a project value
proposition.

PROJECT
VALUE
PROPOSITION

Stakeholders profile:
o
Gains – the benefits which the stakeholders expect
and need, what would delight stakeholders and the things
which may increase likelihood of adopting a value
proposition.
o
Pains – the negative experiences, emotions and risks
that the stakeholder experiences in the process of getting
the job done.
o
Jobs to be done – the functional, social and
emotional tasks stakeholders are trying to have fulfilled,
problems they are trying to solve and needs they wish to
satisfy.

STAKEHOLDERS
PROFILE

Project value proposition:
o
Gain creators – how the product or service creates
stakeholder gains and how it offers added value for the
stakeholder.
o
Pain relievers – a description of exactly how the
product or service alleviates stakeholder pains.
o
Products and services – the products and services
which create gain and relieve pain, and which underline the
creation of value for the stakeholder.
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Mindmap
To obtain a complete overview of the project and all
stakeholders as well as necessary secondary
considerations, a mindmap was created around the
function to be achieved. Here, all areas of
consideration are noted with their main requirements
listed. This applies to all of our concepts since the
considerations are general ones.

The environmental considerations influencing the design
choices are listed as the environment in which the
contraption will have to function, the location where it will
be installed or function in and the consideration whether
it will be operated and used by the public or operated by
specialized companies or employees of the government.
The functional design choices are governed by the
preferred complexity of the design as well as the energy
costs of the operation of the contraption.
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Concept Designs
After the research phase it was time to
start the design phase. The goal was to
come up with 3 feasible concepts. These
three concepts needed to be diverse,
because it is important to have a broad
perspective on the different aspects that
could ensure the successful cleaning of
the waterways.
One of the focal points is the
consideration of an active vs. passive
system. An active system is a good use
of human input and can help ensure the

social awareness that is important
in this design assignment. This was
achieved with a waterbike design,
where the user is actively going after
the plastic. A Copepod-inspired
rotating mechanism scoops the
plastic in a storage net. The passive
system does not require human input
and can therefore be an optimized
cleaning system. This was used in the
doughnut design. This floating object
collects the plastic waste by passively
waiting for the plastic to float in the
opening. Small waves push the debris
into the opening, making this a trully
passive system.

Another focal point is the location of
the solution. One concept needed to
be located in the corners of the canal,
because that is the place where most
of the plastic accumulates. This
stationairy design is achieved with the
waterscrew concept, where the user
turns a wheel and water containing
plastic is scooped up into a storage
bin. The other solution needed to be
mobile, to purposefully clean-up
patches of debris. This is achieved
with the waterbike concept.
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Harris Profile

Concept 1 Waterbike

General

-2

The concept activates people to
participate in cleaning the city.

-1

+1

+2

Concept 2 Waterscrew
-2

-1

+1

+2

Concept 3 Doughnut
-2

-1

+1

+2

The concept fits at least 5 Life’s Principles.
The concept is easy to use for participants.
The concept is adaptable to fit multiple
waterways.
The concept captures +/-75% of the plastic
it encounters. (estimation)

Design

The concept has a way of temporarily
storing the garbage.
The concept is easily accessible for waste
disposal.
The concept does not obstruct the
waterways.
The concept is aesthetically pleasing.

Production

The concept is feasible and easy to
realize.
The production costs of the concept are
realistic.

total score:				

14				

4			

4
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Design proposal
The plastic capture system is located at the front of
the boat and sits right at the water surface. When the
boat is sailing towards plastic, the mechanism which is
made from a soft flexible material rotates in the water.
This creates movement and a small current towards
the center of the boat where the plastic is captured
in a net that is partly submerged from the back of the
boat. This net is easily removed from the boat, making
it easy to empty and recycle the waste.
Proposal
The recommendation is to proceed with the Copepod
inspired waterbike. This concept is not only the most
inspired by nature but also fits the Life’s Principles the
best. By adding smart solutions to the design in the
following phase, this design can become a true
sustainable and circular design, with great benefits for
not only nature, but also the inhabitants of The Hague.
The social aspect linked to the design makes it even
more interesting and feasible. The collaboration and
cooperation required from people will provide a much
needed boost of their environmental mindset. One
which will inspire people not only to help clean up the
canals, but also to not pollute in the future.

Optimization
To optimize this product the mechanism can be
improved upon and become more detailed. The main
focus will be on the mechanism and ensuring its
functionality. To achieve this, a detailed 3D model
will be constructed as well as a prototype to test the
feasibility.
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Biomimicry

and organisms from the surrounding
water. The Copepod propels a current of
water past itself by flapping four
The first step in Biomimicry is to look to
appendages. When water containing
nature to find solutions that can be of
food particles nears the Copepod, the
help in solving the presented problem,
animal actively captures that water
in this case that is the plastic waste
using another pair of appendages, the
in the waterways of The Hague. When
second maxillae and short appendages
looking for the solution in organisms it is bearing long bristles, called ‘setae’. The
important to not only look at the
setae are studded with barbs, called
strategies they might be using, but also ‘setules’.
at the shape and behaviour of the
organisms.
During the capturing motion, the second
maxillae fling apart, thereby sucking
The organism that has inspired the
water between them and then squeeze
waterbike design is the Copepod.
back together again. The only escape
(Team, 2016) The Calanoid Copepod
route for the water is between the setae
(Copepoda) uses its suspension feeding of the second maxillae. Particles
appendages to capture small particles retained are then combed into the

ADP Copepod

Mechanism
Waterbike

mouth by another pair of appendages.
In the ADP of the Copepod this strategy
is visualized in an abstract way.
This is used to design the mechanism of
the appendages of the waterbike. The
abstract visuals of the mechanism of
the appendages of the waterbike
clearly and quickly shows how the
mechanism is inspired by the strategy
of the Copepod. The detailed
explanation and operation of the
mechanism and the rest of the bike
can be read under the chapter
“system description; Mechanical “.
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System Description
Mechanical
To propel the craft, propellers will be situated at the
bottom and back of the waterbike. To make sure
plastic does not clog the system or impede the screw,
jet motors would be a good option since these do not
have open, fragile and possibly harmful propellers.
These are not yet available integrated into a rudder,
but a rudder with an integrated traditional
screw-drive is. This is a perfect design choice for the
final product since it is low on complexity, efficient and
very user-friendly.
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The module collecting trash consists of the rotating
appendages and their support structures. These
rotating appendages are suspended from the front of
the boat, reaching out to the front and angled slightly
outward. These appendages sweep floating debris
before the front of the craft, enabling the users to sail
over it, effectively filtering it out of the water through
the static net. Besides collecting trash directly within
reach, the appendages rotate outward, hypothetically
creating a current drawing in trash floating alongside
the appendages out of reach. This enables the users
to sail alongside a canal, and while not physically
touching the walls, still collect debris floating there. The
appendages are supported in this function by means
of an extrusion from the front of the boat, redirecting
the flow wanting to pass alongside the boat towards
the front of the boat.

The net is integrated in the boat in this final design and
comprises a passive, static filter. Water passes through
while garbage is contained, until the net is cleaned
from above through a hatch accessible from within
the craft.
A measure ensuring that users will not break other
boats, the canal walls or the craft itself is the flexibility
of the entire arm upon which the rotating appendages
are mounted. These hinge around a junction with the
craft. The appendages also have wheels on their
rotating tips, ensuring they do not get stuck when they
make contact with other entities or are for example
scraping along the canal wall.
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Choice of materials
In order to make proper use of the qualities of this
system, a lightweight and simple design is key. Efficient
use of energy plays an important role in this. The
rotating appendages will be made from light,
environmentally low-impact materials since this
system is the most fragile and bound to suffer from
wear. In order to minimize impact from these materials
getting into the water, the choice of materials for the
rotating appendages is bamboo. Nature friendly
material is chosen for the brushes, since these are
likely to wear down quickly.
For the net, few alternatives exist. For the prototype,
rope suffices, but for the final design the net would be
made of more durable plastic.

Electrical
The craft is driven by propellers. In contradiction to the
system of a traditional waterbike, these propellers are
electronically actuated rather than with manpower
and connected to the main electrical system. This
contributes to the craft being energy efficient and less
complex. Users sailing the boat will generate electricity
by paddling a device resembling a home-trainer
inside the craft. This resource of electrical power will be
supplemented by solar panels and stored in a battery.
This power is then used for both propelling the boat
and actuating the rotating appendages. These will be
actuated by small electrical motors, mounted on the
arm of the rotating appendages to lessen complexity.
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Renders
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Impact on Nature
Environmental impact
The Copepod system is very important for the project,
as it creates social and environmental changes which
help with achieving the SDG’s (U.N. Sustainable
Development Goals). There is a need to collect as
much plastic out of the canals as possible, in order to
clean up the environment in and around the
waterways. Reducing plastic pollution improves the
water quality which creates a healthy environment for
not only life under water but also for humans drinking
water. Applying Life’s Principles such as efficiently using
natural and readily available resources is a great way
of making a sustainable product. Therefore the
material choice is very important to achieve
sustainable management.

Social impact
Raising awareness for sustainable development is one of
the biggest challenges of this project. Using a fun activity
such as water biking/boating activates people to not
only see the problem of plastic pollution but also help
with reducing and preventing plastic waste. This way
post water biking people have the relevant information
and motivation to adapt a lifestyle in harmony with
nature.
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Prototype
To test efficiency and feasibility of the
design, we decided to fabricate one of
its important subsystems. The rotating
appendages were chosen due to their
crucial role in collecting plastics. This
prototype allowed us to conclude or
gain insight on the following aspects.
- Stirring the water with the rake-like
appendages is sufficient for creating a
vortex, the arms do not need to move
more surface through the water for this
effect to happen. The arm can thus be
kept light, with the main focus on the
brushes.

- When the forward speed of the craft is
small and the rotating speed of the
appendages large enough, caught
plastic may actually be stuck in the
rotating movement of the appendages,
rather than be swiped outward. This
is beneficent when including static
brushes to continuously clean the
rotating appendages in the design,
cleaning plastic off the rotating
appendages. Plastic does not escape
sideways in this case. These static
brushes are required otherwise plastic
would clog up the rotating appendages
and the plastic would be turning in
circles indefinitely.

- Keeping the rotational speed low is
best to catch floating plastic. Depending
on the diameter of the appendages, the
speed of the craft and the rotational
speed of the appendages, the plastic is
caught and moved most efficiently with
only a slight speed difference between
the outer part of the rotating
appendages and the forward speed of
the craft.
- The individual appendages do not
need to be long. Easily catching plastic
and with the ability to transport it
indefinitely until brushed off, it is more
economic to make the diameter small
and angle the rotating appendages
out further sideways of the craft rather
than making the diameter larger. This to
insure the largest capture reach of the
craft. The drag will thus be reduced and
the rotating motion will be more energy
efficient.
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Creating this prototype provided us with
the opportunity to test out our design
theories and check feasibility, in operation
as well as in efficiency of the building
process. The prototype was constructed
by laminating three strips of thin layered
multiplex into a convex shape, while
integrating wooding rake-like brushes
between the layers. This achieved the
curved shape of the individual
appendages as well as a sturdy
integration of the brushes.
One aspect of the design was the problem
of the optimal spacing between the hairs
of the brushes on the arms. In order to
properly test the impact of this, it would
be necessary to simulate the functioning
of this design using variably sized debris.
It stands to reason that brushes spaced
more closely together would catch smaller
pieces of plastics. It might however create
problems inducing more drag and
clogging. If the vortex of the rotating
appendages is sufficient and the mazes in
the net mounted on the craft sufficiently
small, tinier pieces of plastic might be
caught nonetheless sustaining bigger
spaces between the brushes for less drag.
The perfect spacing would have to be
determined with more elaborate testing.
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Customer Journey
Stages:

Awareness

Consideration

Decision

Delivery and Use

Loyalty and
Advocacy

Customer Activities

Encounter in the city, learn
about it in a VVV

Compare to other
activities that suits the
customer more

Deciding a time slot

Water cycling through
the canals

Share experience on
social media, Tell
others about
experience

Customer Goals

Looking for an activity to do
outside

Finding the most suiting
activity, maybe have a
positive impact

For Cyclean to be
accessible at the
preferred time

Getting exercise,
cleaning the city,
looking at the city,
having fun with friends
and family

Expressing
themselves, showing
the internet how
much fun they had

Touchpoint

VVV offices, posters, social
Media

Social media, Cyclean
booth

Cyclean booth, social
media,
website (gemeente)

The Cyclean, The
Cyclean Booth

Social media

Experience (1-5)

5

5

4
3

3

Experience
Business Goal

Interested, curious
Increase awareness and
interest

Curious
Increase booth visitors

Happy if accessible
Adjust accessibility to
customers’ wishes

Excited, happy
The customer has a
good time, the canals
get cleaner

Satisfied
Get as much
feedback as possible

KPI's

Number of people reached

Social media visitors

Reactions on social
media, visitors when
closed

Social media likes

Likes, shares

Organizational
Activities

Contact VVV offices, create
posters and social media

Place the Cyclean booth,
keep an updated website
and social media pages

Check if there are
wishes or visitors after
closing time

Analyze social media
data, keep active
social media pages

Responsible

Marketing and
Communications

Marketing & Operations

Communications, Booth
worker

Make and place
Cyclean, guide
customer in the use of
the Cyclean
Operations, Booth
worker

Technology Systems

Social Media

Social Media

Camera at booth

ATM payment

Social media

Communications
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Evaluation
Life’s Principle Assessment
To defend the choice of the design, a Life’s Principle
Assessment was carried out. In this, the Cyclean was
tested against the Life’s Principles and multiple
optimizations where carried out to ensure the design is
a true Biomimicry design. The LPA can be found in the
appendix.

The Business Model Canvas
Key Partners

Key Activities

- Government of The Hague

- Production of the product

- Betafactory

- Providing a fun and experience

- The Hague University of applied sciences

- Maintenance

Designed for:

List of Requirements
Designing in accordance with the applicable Life’s
Principles and the wishes of the client produces a List
of Requirements. This list can be found in the appendix.
Business Model Canvas
To give the business plan a structured form, this
Business Model Canvas was created. It shows the
interest of the business model and the
interrelationship of the underlying building blocks.
Betafactory

Value Propositions

Designed by:

Mindful Mussels

Customer Relationships
- Online outreach platform

We offer an interactive way of waste
acquisition in the canals of The Hague.
The users are engaged in a fun way
to clean up the ecosystem. In this way
we create a broad target group and
raise awareness for every visitor
to the city of The Hague.

Key Resources

- Newsletter

Date:
17th of May 2021

Version:

Customer Segments
(Our customer: Betafactory
and The Hague city)
End customer: Anyone visiting
or living in The Hague city, looking
for some fun activities

Channels
- VVV Den Haag

- Workspace Delft

- Municipality website

- Water bikes/
catamarans

- (social) media

- Production team

- Mouth-to-mouth

- Dock
- Website

Cost Structure
- Workspace

Revenue Streams
- Paying customers

- Dock

- Subsidy

- Staff

- Government of The Hague

- Maintenance

This work is licensed under the Creative Commons Attribution-Share Alike 3.0 Unported License. To view a copy of this license, visit:
http://creativecommons.org/licenses/by-sa/3.0/ or send a letter to Creative Commons, 171 Second Street, Suite 300, San Francisco, California, 94105, USA.

designed by: Strategyzer AG
The makers of Business Model Generation and Strategyzer

strategyzer.com
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Business plan
Life Cycle Assessment
In this LCA, the Cyclean was evaluated. The diagram
shows the life cycle of the product. The product should
be produced as sustainably as possible. To get a
smaller footprint there will be a maintenance and
repair team to extend the life of the boat.
In production and material choice of the Cyclean,
there are several choices still to be made. To get a
picture of the most sustainable options, a number of
production processes and materials are compared in
this LCA.

The table below shows various options. The options were
chosen for their sustainability and availability.
Eco-cost (per m3)

Carbon footprint (CO2e per m3)

Bamboo (China)

€19,17

60,60 kg

Plywood outdoor
(sourced from Russia)

€122,44

337,95 kg

Eco-cost (per ton.km)

Carbon footprint (Co2e per ton.km)

Airfreight, cont.

€0,501

1,415 kg

Container ship

€0,010

0,020 kg

Eco-cost (per kg

Carbon footprint (per kg)

Electronic motor (<500W)

€2,69

4,33 kg

Li-ion battery car

€13,00

34,30 kg

Eco-cost (per 100MJ)

Carbon footprint (per 100MJ)

Electricity, general

€2,42

11,40 kg Co2e

Electricity, solar panel

€0,59

1,92 kg Co2e

Eco-costs are the costs of the environmental impact of a
product. These are based on the prevention of that burden.
They are the costs that must be considered to reduce the
environmental pollution. Among these costs are: Resource
depletion, Eco-toxicity, Human health and the carbon
footprint. The carbon footprint is the total greenhouse gas
emissions in this case caused by the production of
materials, electricity, products and the transportation of
these things. By comparing a number of options, choices
can be made that have the least amount of impact on the
environment. The LCA ensures that there is a clear overview
to address areas for improvement.
At this moment the following choices have been made for
this project:
- The footprint of batteries is very high. Therefore it is
advised to strive to reuse old car batteries.
- The choice of wood for the arm, because wear and
tear of these parts in the water must not be harmful to the
environment. Bamboo grows fast and is reasonably water
and wear resistant.
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Optimization
In the past couple of months the
design has come a long way. There
are however some important points
which need to be further developed
or better researched before the
waterbike can enter production.

Modular
Another point of interest is making the
cleaning system modular, so it can be
put on other aquatic vehicles, like boats
and kayaks. The design is now optimized
for a catamaran type waterbike. So the
design needs a lot of modifications to
work without the free space in the
middle of the boat.

Collection net
To collect all the garbage there needs
to be some form of optimized
collection net. The options are: a
flexible net which can hold a lot of
plastic but creates a lot of drag; a
solid cage which can get clogged
easily but is easy to empty and a
form of ramp on to which plastics
push themselves higher to the top,
easy to empty and can hold a lot of
waste but it might be unpleasant to
sit next to.

Electrical system
The electrical system needs to be
designed, as there were no means to
test the amount of power a waterbike
generates and the amount of power
needed to both power the rotors and
the propulsion. Furthermore, when the
design is applied to other vehicles there
needs to be another way to power the
system as not all vehicles have pedals
on board. There is also need to research
the size and storage of the electrical
system.

Speed of the rotors
There is need to research the spin
speed of the rotors of the water bike.
When it spins too fast the plastic
might fall through or get flung to the
side. But if it moves too slow it might
not get all the bits of plastic. Another
point of research is when the rotors
should be spinning, only when the
waterbike is moving or always when
the waterbike is powered on.

Materials
There are already recommendations for
which material is to be used, but more
research has to be done. When the
waterbike is produced from scratch, the
need to decide which materials to use
is crucial. As it has to be sustainable but
still conform to all of the requirements.

Brushes
The placement of the brushes needs to
be tested as placing them in the wrong
place prevents plastic from entering the
garbage bag or it prevents the brushes
from cleaning properly. The size, density
and material of these brushes need to
be researched, as all these improve the
performance and minimize the
chances of garbage getting stuck.
Some examples of brushes are: a row of
thick strands (left) or multiple bundles of
smaller strands (right).

Propulsion
To propel the waterbike an electric
propulsion system needs to be added.
The most important part is that it
cannot get easily clogged by plastic.
Another point of research is the amount
of power needed to move the waterbike.
So with these criteria the best motor for
this application needs to be determined.
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